Knowledge of comparative diet selection by cattle and blacktailed jackrabbits (Lepus californicus) would permit better estimation of grazing capacity on Chibuabunn desert ranges. Cattle and black-tailed jackrabbit diets were evaluated seasonally on good and fair condition ranges over a Z-year period. Fecal samples analyzed by the microhistological technique were used to determine diets of both animals. Key forage species in cattle diets were dropseeds (Sporobolus sp.), black grama (Bouteloua eriopoda Torr.), leatherweed croton (CrotonpottsiiLam.), and bush muhly (Muhlenbergiaporteri Scribn.). Key forage species in jackrabbit diets were honey mesquite (Prosopis glandulosa Torr.), cactus (Opuntia sp.), dropseed, broom snakeweed (Gutierrezia sarothrae Pursh.), and black grama. Overall diet botanical composition data showed cattle consumed 58% grass compared to 22% for jackrabbits (P<O.O5). Forb consumption was similar between the 2 animals and averaged about 31%. Shrub consumption averaged 47% and 12% for jackrabbits and cattle, respectively (P<O.O5). Range condition did not influence total grass consumption by either animal. Both animals, however, had lower forb and higher shrub consumption on fair compared to good condition range. Overall dietary overlaps between jackrabbits and cattle were 40 and 42% on good and fair condition ranges, respectively. Poisonous plants contributed up to 14 and 36% of cattle and jackrabbit diets, respectively. Data from this study show little forage competition occurs between cattle and jackrabbits when stocking rates and jackrabbit numbers are moderate. Several plants poisonous and unpalatable to cattle were important jackrabbit foods. These plants were more prevalent on the fair compared to the good condition range.
Information on influence of range condition on diets of blacktailed jackrabbits (Californicus lepus) and cattle on Chihuahuan desert rangeland is lacking. Knowledge of the role condition plays on degree of dietary overlap between jackrabbits and cattle would permit better estimation of grazing capacity. At population peaks jackrabbits may become primary consumers of rangeland vegetation competing with livestock and wildlife (Currie and Goodwin 1966, Johnson 1979 ) and possibly altering plant succession (Uresk 1978 , Roundy et al. 1985 .
Information on the levels of poisonous plants consumed by the 2 species under different range conditions could be useful in development of grazing strategies to minimize livestock losses. Consumption or rejection of plants poisonous to livestock by jackrabbits could influence the rate of recovery of degraded Chihuahuan This research was supported by the New Mexico Agr. Exp. Sta., Las Cmces, and was part of project l-5-27417.
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desert rangeland. The objective of this study was to determine the influence of range condition on jackrabbit and cattle diets on Chihuahuan desert rangelands. Diet composition of both species was quantified with microhistological analysis of fecal material.
Material and Methods
The 2 study ranges are located 37 km north of Las Cruces, N.M. Their western boundaries are adjacent to Interstate 25. The study area is on the southern end of the Jornada Del Muerto Plain, a desert basin which varies from 1,188 to I,37 1 m elevation with level or gently rolling hills. Pasture soils are primarily shallow, fine sandy loams of the Simona-Cruces association (fine loamy, mixed, thermic, typic Haplargids). The topography is relatively flat with all slopes less than 5%.
Seasonal patterns of precipitation are characterized by small amounts (8 to 10%) in spring and a peak (20 to 25%) in late summer (August) with gradually reduced amounts during fall. A smaller peak (13 to 15%) occurs in early winter (Pieper and Herbel 1982) . Temperatures reach a peak (35" C) in June and decline until December (13' C) (Pieper and Herbel 1982) .
Vegetation on the Jornada Plain is classified as Chihuahuan desert grassland and shrubland (Paulsen and Ares 1962) . Most of the grassland areas have been invaded by brushy species during the last 100 years (Brown 1950 , Dick-Peddie 1965 .
The principal grassland types are black grama (Bouteloua eriopoda Torr.) and tobosa (Hihiu mutica [Buckley] Benth.) with mesa dropseed (5"robo~u.r~~~ jTlmrb.1 Rydb.) intermixed (Paulsen and Ares 1962, Pieper and Herbel 1982) . The shrub types are mesquite sandhills (Prosopis glundulosu Torr.), creosotebush (Lurreu tridentatu Lar.) and tarbush (Flourensiu cernuu D.C.) with snakeweed (Gutierreziu spp.) invading certain sites. Annual forbs include leathercroton (Croton pottsii Lam.), nightshades (Solunum sp.), globemallow (S'huerulceu sp.), and Russian thistle (Sulsolu ibericu L.). The presence of these forbs is dependent on seasonal precipitation. The reader is referred to Daniel (199 1) for a more detailed discussion of the study area.
Grazing History
The grazing history of the 2 study areas appears fairly similar until 1922, when the College Experimental Ranch was established. Prior to that time, most of both study areas was apparently black grama grassland with a minor brush component (mostly mesquite). In the mid-1920's the College Ranch was fenced and a large herd of wild horses were driven from the College Ranch onto the adjacent federal land. During the 1930's and the 1940's, the College Ranch range was stocked conservatively at about 40 ha per animal unit (Neale 1937 , Valentine 1947 , Knox et al. 1951 ) and the forage utilization averaged 35%. In contrast forage utilization particle identification. Twenty systematically selected fields were averaged somewhere between 50 and 60% on the Bureau of Land observed on each slide. Species were recorded as being present or Management (BLM) study range. absent until a total of 100 fields were recorded per sample. The In 1967, the College Ranch study area was placed under intenfrequency addition procedure described by Holechek and Gross sive grazing management and the stocking rate was reduced from (1982b) was used to calculate the percentage botanical composi-41 to 67 ha per animal unit (Beck 1978 , Beck et al. 1987 . Since tion by weight. then, utilization of the key forage species has averaged about 30%. The stocking rate has been increased from 67 ha per animal unit Statistical Analysis (1967) to 45 ha per animal (1986) (1987) (1988) (1989) (1990) (1991) with no increase in degree Percent botanical composition (% dry weight) values were anaof forage use or sacrifice in cattle performance (Beck et al. 1987 , lyzed using a time series split plot ANOVA. Animals (2), pastures Beck and Kiesling 1991). Overall condition using the Soil Conser-(2). seasons (4), and years (2) were used as factors. Animals and vation Service approach developed by Dyksterhuis (1949) has pastures were main plots and seasons and years were sub-plots. improved from mid-fair to high-good (66% of climax) during the The composite samples from each of the 2 blocks within pastures 24-year period (Beck 1978 , McNeely 1983 , Tembo 1990 ). Forage were used as replicates (2). Least significant difference (LSD) tests production at the end of the 1990 growing season was 356 kg/ ha.
were utilized for mean separation when a significant (P<O.OS) The grazing history of the BLM range is rather vague for the F-test occurred.
Step-wise discriminant analysis was used to dis-1950 to 1980 period, but detailed records have been kept since tern differences among range condition classes/ animal species 1981. Prior to 198 1, the general grazing plan was to remove about (Johnson and Wichern 1982) . Diet data were further pooled by 50% of the perennial grass production using continuous grazing.
years (20 to 40% use) . In 1990 were calculated using Kulcyznski's formula (Oosting 1956 ). These range condition was high-fair (40% of climax).
indices illustrate: (1) how similar the diets of each animal species Eight permanent transects (6.4 km in length) were located in were between the 2 range condition classes and (2) dietary overlap each study range (College Range and Bureau of Land Managebetween the 2 animal species within each range condition class. ment ranges) for a total of 16 transects. Percent canopy cover was Vegetation cover was evaluated with a time series split plot measured seasonally in the fall of 1988 using a modification (Hole-ANOVA with pastures (2) and periods (7) as factors and transects chek and Stephenson 1983) of the line intercept procedure outlined (8 per pasture) as replications. Pastures were main plots and periby Canfield (1941) . A rod 1 meter in length, incremented in milods sub-plots. Least significant difference tests were used for mean limeters was laid down every 100 paces perpendicular to the transeparation when a significant (P<O.O5) F-tested occurred. sect that was walked. On each of the 16 transects 64 points were sampled. Plants that were located on the plane vertically above the Results and Discussion meter stick were measured and recorded. Plant heights were also measured and reported in Daniel (1991) . Portions of the canopy of Main and minor effects for most diet components were signifihoney mesquite and soaptree yucca (Yucca eluta Engelm.) were cant (P<O.O5). We will concentrate on those aspects of our results out of reach of jackrabbits.
we consider most important and refer the reader to Daniel (199 1) for a detailed discussion of the various interactions. Feces ofjackrabbits and cattle were collected simultaneous with vegetation sampling. Sixty jackrabbit fecal pellets were collected Jackrabbit Diets from each of the 16 transects. On the average 10 pellets per km were Black-tailed jackrabbit diets on both fair (FC) and good conditaken to insure collection from the entire length of the transect. tion (GC) ranges were dominated by shrubs (Table 1) . Grasses
Only 1 to 2 pellets from each excretion were picked. Each range comprised only 22% of the diet when data were pooled across condition study area was divided into 2 blocks of transects. Fecal years, seasons, and range condition classes.
collections from each block made up 1 composite sample, for a From most to least important, the 3 primary grasses consumed total of 4 composite samples for each season. Seasons sampled were: dropseeds, black grama, and fluffgrass (Erioneuronpulchelincluded summer 1988 (Erioneuronpulchelincluded summer and 1989 (Erioneuronpulchelincluded summer , fall 1988 (Erioneuronpulchelincluded summer and 1989 (Erioneuronpulchelincluded summer , winter 1989 Tateokea) . Highest consumption of grasses on both and 1990, and spring 1989 and 1990. Summer collections were range condition classes occurred during summer and lowest conmade in August, fall collections in late October and early sumption occurred in the winter.
November, winter collections in January, and spring collections in Total cover of grasses between the good and fair condition range late April and early May. classes (Table 2 ) showed a significant difference (P<O.O5, 22% vs Cattle feces were collected from 4 watering points, 2 in each 14%). Apparently this difference did not affect the amount of range condition class. From each watering point, 5 patties were grasses consumed by jackrabbits between the 2 range condition selected at random to make 1 composite sample. About 20 gm of classes. Jackrabbits primarily utilized green grasses (Currie and fresh feces were collected from each patty. All fecal collections Goodwin 1966 , Fatehi 1986 ) which were readily available on both were put in plastic bags and stored in a refrigerator 1 to 3 weeks condition classes during active growth.
until they were ground and placed on microscope slides. Highest forb consumption (P<O.O5) occurred on the good con- "bDifferent superscripts within rows and category reflect differences (P<O.O5) using least significant difference test. ------___ 38" 34" 26' 27" 15" II" 27" 27" 30" 28" 36" 24b 30" 13b 34" 28" 32' 38' 39' 51b 55" 77b 38" 44" Cattle Summer 1989 Fall 1989 Winter 1990 Spring 1990 GC FC GC FC GC FC GC FC -----____ 53" 54" 53" 70b 66" 58b 61" 54" 45" 36b 44' 23b 14" 29b 2ob 2' 8' 3* 7" 14" 29b :' 20b
Row means within period and year with different superscripts (IKO.05) using least significant difference (LSD) tests. T = trace amount less than 1%.
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during the growing season that year. Major shrubs consumed by jackrabbits on both range condition classes were honey mesquite, prickly pear (Opun~iu spp.), soaptree yucca, snakeweed, and mormon tea (Ephedra trijiirca Torr.) ( Table 2 ). Those shrubs were consistently higher in diets of jackrabbits and in cover on fair than good condition range. Maximum consumption of shrubs by jackrabbits occurred in winter and minimum use in summer.
Shrubs play an important role in allowing jackrabbits to maintain their water balance during dry periods (Hayden 1966) . The shrubs consumed in our study have a high moisture content in most instances. Availability of succulent forbs and green grasses probably influenced the seasonal variations in amounts of shrubs eaten by the jackrabbits.
Trends in grass, forb, and shrub consumption by jackrabbits in our study are similar to those reported by Dabo (1980), Fatehi 
Cassia bouhinioides T-3T---_TTTTT--1221 Hymenoxys odorata
3123T-TTlT-----111 Psilostrophe tagetina 2" 9b 12" 16" 9" 12" 5" Ilb 10" 12" 13" 16" 7" 17b 6" 10" 8" 13b Total2 22" 27" 43" 42" 44" 38" 39" 34" 29" 33" 34" 32" 31" 45b 29b 31 34 36 ROW means within period with different superscripts differ (P<O.O5) using least significant difference (LSD) test.
1------
-~_____________________________(%dry~eight)---------------_________________
Row means without superscripts had no analysis. T = trace amount less than 1%.
(1986), Wansi (1989) , and Schneberger (1990) in the Chihuahuan forbs eaten were leatherweed croton, silverleaf nightshade, Rusdesert. Grass consumption was greatest in summer, shrub consian thistle, and globemallow. Overall, forbs were used most in sumption was greatest in winter and forb consumption was genersummer and fall, intermediate in spring and least in winter. Forb ally similar between spring, summer, and fall with a decline in cover was higher (P<O.O5) on good than fair condition range winter. Our data parallel that from southern Idaho (Anderson and (Table 2) , which accounts for the higher amounts in cattle diets on Shumar 1986) and southern Nevada (Hayden 1966) .
this range. Jackrabbit diets on the 2 range condition classes showed a mean total similarity of 80% (Table 4) . Similarities varied from 73% in winter to 84% in fall. We attribute the reduced winter similarity to lower forb availability on the fair than good condition range. During drought we would expect diets ofjackrabbit on the 2 range condition classes to become more similar because they would be more dependent on shrubs.
Shrub consumption was higher (19%) on the fair condition range compared to that (6%) on good condition (P<O.O5) ( Tables  2,3 ). Soaptree yucca and fourwing saltbush (Atriplex canescens Pursh [Nutt.] ) were the most important shrubs in cattle diets, and received greatest use in winter and spring. Cattle made considerable use of the blooms on the soaptree yucca in spring.
Cattle Diets
Cattle diets on both the good and fair condition ranges were dominated by grasses (Table 3) . Dominant grasses in the diet from most to least important were dropseed, black grama, bush muhly (Muhlenbergia porteri Scribn.), and threeawn (Aristidu sp.). Increased consumption (P<O.O5) of black grama on good condition range is likely a result of greater % cover compared to the fair condition range.
Higher dietary shrub content by cattle on fair condition range was probably a function of decreased cover of grasses and forbs, and increased cover of shrubs, especially soaptree yucca (Table 2) . Although fourwing saltbush was not abundant on either range, there was more fourwing saltbush growing on the fair than good condition range. Despite the fact that most of the shrubby cover on both ranges came from honey mesquite and snakeweed, these 2 shrubs received little use probably because of their toxicity (Holechek et al. 1989 , Allison 1991 .
The amounts of grasses consumed by cattle on both range condition classes appeared to be influenced by availability of preferred forbs. Our findings are consistent with Squires and Siebert (1983) , who demonstrated that cattle will select the highest quality herbage available. Actively growing forbs in the Chihuahuan desert have higher protein, phosphorus, and cell soluble levels than grasses during active growth (Nelson et al. 1970 ).
The overall diet of cattle reported in our study generally agrees with Gait et al. (1982) on the Santa Rita Experimental Range in Arizona and other studies from the Chihuahuan desert (Rosiere et al. 1975 , Hakkila et al. 1987 ). However, Galt et al. (1982) did report slightly higher levels of grasses and shrubs and lower levels of forbs in steer diets than in our study. Forbs were less available on their study area.
Cattle on good condition range consumed up to 55% forbs compared to 43% on fair condition range (Table 3 ). The major Diets of cattle on the 2 range condition classes showed mean total similarity of 74% (Table 4) 
Comparative Jackrabbit and Cattle Diets on Good Condition Range
Primary factors that determine forage selection by range animals are body size, size of digestive system relative to body weight, type of digestive system, and mouth size and shape (Hanley 1982) . Based on Holechek et al. (1989) cattle would be classified grazers and jackrabbits intermediate feeders. Studies by Arnold (1942), Lechleitner (1958) , Dabo (1980) , and Schneberger (1990) also depict jackrabbits as intermediate feeders.
Several more forbs were eaten by jackrabbits than by cattle. This was apparently because cattle avoided those forbs that are poisonous such as locoweeds (Astrugulus sp.), desert marigold, wooly paperflower, and twinleaf (Cussiu buuhinioides Gray). Unlike cattle, jackrabbits evolved with these forbs and may be capable of detoxifying them or limiting intake to subclinical levels. Also, jackrabbits have a small body and mouth, and therefore, greater capability to feed selectively on nonpoisonous parts of these forbs.
Jackrabbits readily used all available shrubs with the most important being prickly pear, honey mesquite, soaptree yucca, and mormon tea. Soaptree yucca was the only shrub important in cattle diets. For jackrabbits, maximum use of shrubs occurred in winter and minimum use occurred in summer. Cattle diets also followed this same pattern. Use of honey mesquite and soaptree yucca by jackrabbits was somewhat limited by height. Soaptree yucca and honey mesquite heights averaged 67.2 and 72.6 cm on good condition range and 78.7 and 93.6 cm on fair condition, respectively (Daniel 1991) .
Cattle showed strong avoidance for the majority of the shrubs possibly because most are high in volatile oils (Nelson et al. 1970 ). According to Holechek et al. (1989) , cattle avoid shrubs high in volatile oils because they lack mechanisms to reduce the toxic effect of these substances.
Diets of jackrabbits and cattle tended to diverge in winter probably because of reduced availability of forbs and green grasses. Schneberger (1990) also found jackrabbit and cattle diets diverged in winter on the College Ranch. We would expect the diets of the 2 animal species to become more similar when there is a prolonged drought. A drought would reduce forb and grass availability so the 2 animal species would depend on shrubs such as soaptree yucca, fourwing saltbush, mormon tea, and honey mesquite. Also, a high stocking rate that removed more than one-third of the perennial grass production each year would probably increase dietary overlap between the 2 animals. Under heavier grazing intensities the grass component would be reduced causing more dependence on shrubs by both cattle and jackrabbits.
Based on this study, we conjecture jackrabbit feeding activities may advance succession and favor establishment of grassdominated communities in the Chihuahuan desert. It is important to recognize during the growing season jackrabbits used the perennial grasses when they were most vulnerable to damage. In years of high jackrabbit numbers, grass use by jackrabbits could be destructive. On the other hand, cattle grazing (particularly heavy grazing during the growing season) could cause retrogression to shrubdominated communities. Under appropriate stocking, grazing jackrabbits and cattle together should maintain a mixture of grasses, forbs and shrubs. Jackrabbit numbers were about 40% higher on the fair condition compared to good condition range (Daniel 1991) . These data indicate jackrabbits would have more impact on vegetation of ranges in low compared to high ecological condition. Jackrabbit populations during our study were considered to be at near average levels below highs (19851987) but
Poisonous Plants in Cattle and Jackrabbit Diets
Jackrabbit consumption of poisonous plants was over twice that of cattle when data were pooled across years, seasons, and range condition classes (Table 4) . High occurrence of poisonous plants has traditionally been equated with poor range condition (Cronin et al. 1978) . Tembo (1990) noted that the standing biomass of poisonous plants was higher on the fair condition range than good condition range. However, the overall levels of poisonous plants eaten by cattle did not differ (P<O.OS) on good and fair condition ranges, although there was a tendency for higher use on the good condition range. Both range condition classes were considered to be moderately stocked during the period of study and use of key forage plants averaged around 30-35% (Tembo 1990 ). Levels of poisonous plants consumed by the cattle were probably a reaction to stocking rate rather than to range condition classes. On both range range condition classes cattle had adequate opportunity to graze selectively as shown by their tendency either to avoid or consume only minor amounts of poisonous plants, including the most abundant ones, broom snakeweed and honey mesquite, similar to Ralphs (1987) . He found that cattle in northwestern Utah would not consume significant amounts of locoweed leaves, flowers, or mature pods when adequate forage was available. Avoidance was not shown for Russian thistle and silverleaf nightshade; however, cattle possibly selected these species as diet constituents when toxins were at safe levels, and it is probable other forages (grasses) in the diet diluted their toxic effect.
The relatively high consumption of poisonous plants by jackrabbits compared to cattle merits discussion. According to Laycock (1978) a varied diet would reduce the probability of eating lethal amounts of any poisonous species. However, jackrabbits may have consumed a more generalized diet to insure a balanced nutrient intake rather than to defend against plant poisons. Another explanation for the higher levels of poisonous plants in jackrabbit diets may be their ability to select the less-toxic portions of the plant, According to Hayden (1966) , jackrabbits feed randomly and may pause to sample a plant and then move to another plant. This feeding behavior may be either to detect and avoid poisonous plants, and/or select parts high in water and nutrient content. We observed jackrabbits feeding on young creosotebush and silverleaf nightshade stems while leaves in most cases were avoided. This may be because the small twigs and leaves have higher levels of toxic substances. Another explanation is that jackrabbits may have the ability to detoxify some plant poisons. Laycock (1978) and Holechek et al. (1989) speculated native animals may have the ability to detoxify those poisonous plants with which they evolved. White et al. (1982) analyzed ingesta from stomachs of pygmy rabbits for volatile oils. They reported a loss of 77% of volatile oils had occurred, which they presumed was due primarily to mastication. Based on studies with hares (Reichardt et al. 1984) , jackrabbits could have capability for digestive detoxification of volatile oils and tannins.
Our data suggest that jackrabbits may influence the dynamics of poisonous plant populations on Chihuahuan desert rangelands. Under moderate stocking rates, jackrabbits appear to positively affect Chihuahuan desert ranges by their consumption of poisonous plants. Because jackrabbits consume increased amounts of shrubs and poisonous plants, they have concurrent minimal forage competition with cattle. Hence, cattle and jackrabbits grazing may reduce cattle losses from poisonous plant consumption.
Management Implications
Our study showed cattle and black-tailed jackrabbits selected diets with different key forage species on moderately stocked good and fair condition Chihuahuan desert ranges. Key forage species in cattle diets were primarily mesa dropseed and black grama across years, seasons and ranges. In contrast, poisonous forbs and unpalatable shrubs dominated jackrabbit diets. Honey mesquite and cactus were the 2 primary species consumed by jackrabbits across years, seasons, and ranges. Under moderate stocking rates cattle and jackrabbit diets were complementary rather than competitive. Based on Holechek (1991) the best approach to minimizing livestock losses from poisonous plants is to use a moderate stocking rate. This would involve removal of about one third the current year's growth of the key forage grasses (mesa dropseed, black grama, threeawn) by livestock. On the good condition range, this type of stocking has resulted in total cattle death losses of under 1% per year over a 25-year period (Holechek 1991) . In contrast, annual cattle death losses on surrounding more heavily stocked ranges have averaged 4%. Programs geared towards eradication of jackrabbits through poisoning or shooting appear to be counterproductive on properly stocked Chihuahuan desert ranges.
